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#51*11 r^*}^ ^Wfl^ ^"^ofl ^^-S, #51*11 7l# #ofl ^#;g<£ 

^-71 ^#«fl>a Sfl^o] ^41- ^Hl ^11- n)-Bf ^^1^ ^*Hr $l 

^"71 3j-##;*l ^ ^-ofl ^nKg. ^ ^ ^ #31S>]-, # 7 1 A^o^nV ^Jf >£ 7 ) ^ ^ 

7] ^#^1 aV^ ^ 7 1 7^ c^pj-^H ^ ^Wfl^l* *§^*Rr a)-, ^71 ^e) ^#Ufl^ 

A oHl # ^d^^^S. ElE^T 21^ -f-Efl^- ^"^-1; l^SRr #31 ^ ^"71 EjE^ ^ 

£ 4 
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«KE.*11 ^-^afl^d {Method of forming metal line of semiconductor 

devices} 

<£^^ ^Jl Jf^-ofl ^jro] 

100, 200: tiK£^l 102: *fll ##^<£^}- 

104: ^ 106: 

108: ^12 #^>^^^- 110, 210: H^^] 

112, 212: SH>«<M ^ 114, 214: ^-4^ 

114a, 214a: ^nfl^ H6, 216: ^Sfl SUlJE-g- 

118, 218: eIbHj- SE^ ^M|^ =4* 

120, 220: 204: %-&^<£^ 

205: yl<i> $ 
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1020030029258 #^ <£t\: 2003/10/13 

-SMI* -M^l 

<12> tiV£^] ^}°) ^-*V ^ ^W^tt ^ 

<i3> Hfl^ ^-2:7> rf^sj-^ofl n}e} =-4=^0.3. W^lMAOiLtKr 

^el(Cu)» a>-§-*>jl Jio^ ^tiflAi^- cfp>A] (damascene) ^3. ^-§-^-Jl 



t^r^l ^<>lel- ^ *i<3^-8: a>^1 ^ ^ ^z^- -g-^ ^Al^ h 31*1 (trench) » 
^^j^Ji, o) E^i^ofl ^s^(Cu) ^ ^Ji ^A^- HflAj oi<q^ ^ 

W ^(Chemical Mechanical Polishing) 7l#* o]-g-*><^ ^l^f-^^.^ ^.g-ofl 

^11 f^^^-l- ^ ^ , A o v 7l ^11 f^^^Hl ^ ^-§- 7fl^>^ ^^g- ^ 

^ ^ ^i^l(W)^r tq-^-, s)-*)- 71^1^ <£*HH #7-1 ^1 E jittfH-1t 

^-i: ^*r^, ^ ^^^f7l ^"71 ^ 7fl^-*Kr B3!*l# 

^tr^r. ^f^l, ^^1^5- TaN^ ^, = 
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^3*-h ^(Cu)^ ^ #*W^(electramigration)<H| #1 ^ ^ 

(adhesion) ^-°1 ^ ^ o.^ , n^B}-^ ^-sl(Cu)^ SKKE(dif fusivity)7> a.^, ^ ^ 

a. ^o] o]=j7^> ^ 7]^A ^Ml^r #l^b ^(Cu) ^Hfl^ sg^q- 

^ £ *»-§-] 

^ ^n^, ^7] ^Tj-^o^-i: ^-SH ^wfl^d Sfl^i* ^ ^ ^ ^l^, #7l 

wfl^d sfl^l ^£ ^Hl ^>1- tq-el- sKHM^* ^*Kr ^l^, #7] q- 

A>« 0 V^nV #oj} ^-^^ ^l^, >^7l #7} £ #71 
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<19> o]^ i^o. ^ofl 14a ti>^-^*V ^a]^1- ^Ml^>7fl id^f7l3L 

*1 olsflsl-S^ afl^^r ?ASl^*\ <^ei 7>X] tf-g. ^EflS ^ $1*-^, ^^7> 

tj~g.6|| 7|#£)^r ^AHH *V^£]^ <>W4. °l*r3 ii^H tf€- #^ ^ofl 

^^^Vcfji 7l#^ nfl, o}^ cf= ^ a>^ ^ofl #7]]^- ^5L ol Jl, ZL A>o]oll ^30] ^o] 7)] 

7M sm. sith s.&<$*\ a %s\ 3.7)$= £ ^^-i- ^> 

5)534. H^HH ^ ^-Jl^t ^*_V Aif 
<20> ElEHEr(Ti) ^lir(Ru)* #7_V^^^ ^ofl^ ^M(Cu) 

<2i> nj^ f -=-4^ ^Kelectroless metal deposition)^- ^ £^ ^Ml^ 

(Cu) ^7^^ o}Bfl tiV-§-Ai !4 ^-o] ^sl(Cu) -M^b-CRu) ^3 

<22> [ti>-g-Al 1] 

Cu + Ru 2+ -^Cu 2+ + Ru 

<23> ^-Bfl^-(Ru) #ei^Ei ^M^-(Ru) 4^^r ^^Knanoraetallic particle)7l- -p-s] 

(Cu) a^^l^ #ol7fl 5M, #^>^^^- A oHl ^ ^5)^1 SHr4. 
<24> °]«HM, ^^fl «r€(electroless reduction) BjB)-^(Ti) ^^nfr ^ 

^i^S ^el(Cu) ^.g. ^*Vtf. e|e1-^- #S.fir c l-^(TiCl 4 ) ^ *>ol^-ol 
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4Khypo-phosphorous acid)(H 3 P0 2 )°l 3.Ht& t^CCu) #7}^ °>2fl *&-%-*\ 

<25> [a>^ 2] 

4H 3 P0 2 - + Ti 4+ + H 2 0 -»Ti + 2HP0 3 2 - + 3H 2 + 4H + 
<26> o}7H f Sr°l3L-^*Khypo-phosphorous acid)(H 3 P0 2 )^r E] B)-%-(Ti ^H?^ 

<28> <^A]^1 1> 

<29> £ 1 ifl^l £ 4^ $ w>^-^*V afll uj-s av^^i ^afl^ ^ 

<30> $i i-g- #31^, S.&$(v\S.*})°] 7 1#(100) ^H] *fll #71^ 

^(102)# ^ ^-71 5L#^ aV£*fl 71^(100)^1 51^ cg^olTlM- ^ 

^ afll #?i^<?iBV( 102 )c : siQCB]-, PSGCphosphorous silicate 

glass) 1 ^," BPSG(bor"on phosphorous si 1 icate glass) ^, USGCundoped silicate glass)^-, 
FSG(f luorine doped silicate glass)^-, HDP(high density plasma)^, PE-TE0S(plasma 
enhanced-tetra ethyl ortho silicate)^ 2.^ S0G(spin on glass)^^ ^^-^^^ £^ 
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JJ20Q30029258 <y*>: 2003/10/13 

<3i> *\*\*\, A>^l^z^ ^ ^z}- ^-g- o].g-^ ^7M<g*J-(l02)# ^ 

^, #^5. *fl^*H l-s^(104)l- ^^W. ^-71 #^ <£-f. 

d 1-h-(A1)^, ^€(W)^, ^el(Cu)^ ^ ^cf. 

<32> SE« S^ZL(104)7l- ^4^- ^.ofl AlZ| ^^1^(106)* ^^-t}. MA 

(106)£r =L ^VJjLofl ^^TT ^2 #^^^(104)^ ^]Z} ^^ti| 7 > €- ofl^cfl ^E]-3. 

<33> Myj- ^^^-(106) A]2 ^^<g^(108)^: A\2 ^^^^(108) 

^ ^l-H 1-^, SiOC^, PSGCphosphorous silicate glass)^", BPSGCboron phosphorous silicate 
glass)^, USG(undoped silicate glass)^-, FSGCfluorine doped silicate glass)^", HDP(high 
density plasma)^, PE-TEOS(plasma enhanced-tetra ethyl ortho silicate)^ S0G(spin 
on glass) ^-4 ^ ^^-^0.0. ^ t |nvo s 

<34> 0)0]*], A>^A14 ^ ^ Alz}- °l-g-*M #7M<3°Kl08) ul ^zj. ^^rt 

(106)# ^rWfl^l cg^o] H^l^l (110)1- 

<35> 5L 2-& ^2,*}^ , H 31*1(110)7} A o Vo]l cf^ # ccfe} ^-A]-« o V^nl- (112) ^. 2, 

-^^^(112)^-^1 ^#^£^-(102) ^ #^^(114H] tfl^>^-^^ol ^ 
^(114)3] SKl>* tij-^^- - oii. # ^nv ; c^l^r}] Ti^-, TiN^" -f-o.5. - oj^ ^xj.^ 

*]^Kll2)£- CVD(Chemical Vapor Deposition) ^ 100-300A ^£^1 W-^S. f^^fe % 
°1 w>#^*>4. 

<36> ^^m(112) ^Hl *)^M5L*])^ -f , ^7l£--^(electroplating)^ 

°)-§-*H ^BV(114)-§- ^th}. Aj-7] ^4^(114)£: ^(Cu)S| ^ ^ oicf. 
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<37> £ 3^. ^-S^, ^nV (114) ^. sj-^j- 71^^ o|T.>*H «fl^(114a)* # 

71 S)-*}- 7l7fl^ o^n> ^2 #^^^^(108)^1 nfl^l ^A]*}^ ^ o] a|-H4-Xj^ , 

#^^-(114)ol 7fl7l^cf. 
<38> o]ol^ f ^^*v W ].<4 ^o] b) b(-0- #S^ol = ( T ici 4 ; titanium chloride) -g-^ 

SE^ #S.5^1^(R U C1 3 ; ruthenium chloride) -§-^# *r-g-*H -r-^^fl # 7lJ£^-(116)^- 

AjA)tVcf. ^, ^-Efl^- #^5^o]c( Ru Cl 3 ) -g-6«6j| ^(Cu) ^#Bfl^^- ^"IlTiM-, E] #S 

SfO]-B(TiCl 4 ) ^ *H ^-^(hypo-phosphorous acid)(H 3 P0 2 ) o l 3LtH3 -§-^°fl ^(Cu) ^ 
Bfl>a(114a)* #7H ^sl(Cu) ^wflAidUa) K t£o\) -f-Efl^-(Ru) ^ SE^ E)E}-^-(Ti) #4* 

<39> £ 4«- ^a*>^ ( Aj-7] ^*fl ^7]51^-o]] B)^(Ti) ^1^-(R U ) ^o) 

A ^^s 9-^, ^(Cu) Aiej^ o.^ ^^i=f. y)n^ 

* ^sKCu) a^^r ^Bf^-(Ti) ^-Bfl^-(Ru)^- ^^-a]^ t4t}o) 

^■i- #<*H ^ tiflAl^ ai^^ o. ^ Al ^ - ojrf. ^ej(Cu) X^-g: E]BBr(Ti) ^-Efl 
w(Ru) fj-ofl Sl«fl B]^(Ti)/^^(Cu) S^r ^•Bflw(Ru)/^-^(Cu) ^Aj^^ 

<40> ^EHf(Ti) ^Efl^(Ru) ^(H8)^- ^n|.(114a) A^ ^ ( 

^4i(N2), ^(H 2 ) Stt o>s^-(Ar) 7}^ ^^7]oflA^ 200- 400 °C ^5.2) ^S.o\)X\ l~3Al# 
35= <H^-i- ^lflt}. 
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<4i> ^El-^-(Ti) £^ ^-Bfl^-(Ru) 0.5. ^-ofl ^^^(120)# ^ 

<42> <^[X|ofl 2> 

< 43 > £ 5 ^H^l £ 8^ ^ y>eJ-3i^ *j| 2 4€- £5=*H i^>^ ^«fl^ ^ 

<44> £ 51- ^23}^ , ti>£^l 71^(200)^1 £^i#(202)-a- ^th=K £^#(202)^ #£.*ll 

71^(200) ^-^1 ^ afl^d<a Xl^L, #5.%) 71^(200) vflcfl i.£.i/JE.efl<y 

<45> £.##(202)°1 to^l 7l^r(200) ^Ml #^^^^-(204)* ^W^-. ^^r^^ 

(204)£r <^1» SiOC 1 ^, PSG(phosphorous silicate glass) 1 ^, BPSG(boron phosphorous 

silicate glass)^, USGCundoped silicate glass)^\ FSGCfluorine doped silicate glass)^-, 
HDP(high density plasma)^, PE-TEOS(plasma enhanced-tetra ethyl ortho silicate)^- 
S0G(spin on glass)^ x\^^^r ^ #^^-o_^ ^^*}±r ti>^^>rf. 

<46> ^^^-(204) -M H ]o> ^( via hole)(205)* ^£)*Hr *U sflUM^l)* 

^ ^"71 *fll sR^* *\z* *r-§-*r^ ^71 *3<g*]-(204)# U W 

#(205)* ^f^l, 33 £3£ ^-i: °l-g-*M -fM «Va>wJ-^ ^-(Organic Bottom 

Ant i -Reflective Coat ing) )* 2Ei«M #(205)* ^tb^r. °1°H, ^>£.^l 

71^(200) H«*l(210)# ^*Rr *fl2 4€(^l£^l)* ^tr^r. ^"71 
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<47> ojo^, ^(205)3)- H31*1(210)S ^€ ^ i^-nRl sfl^o] 7i^. 

(200) ^Ml ^*r«- tr^e^ ^.a>^ i^]^) ^ ^«oM ^-(212)^8: ^t^. a^HJ-XI 

^-(212)^8: ##^<£^(204) * ^rBV(214Hl cflsH ^^°] ^#^(214)2] SKb§: H c v 

4 s #^^ ( 151 Ti^\ TiN^I fA S oi^ ^^^-(212)^ 

CVD(Chemical Vapor Deposition) H 0 Vl t!-£-5- 100-300A ^£2] ^z$f>}^ m}^^} 

<48> ^^nv ( 2i2) ^ ^1-#(d15la1)# fg^v ^ ( ^7}51^(electroplating)^: 

°l-g-*H ^^^-(214)-i: ^^Vtf. #7} #4=^(214)£: ^e)(Cu)^ ^ ^ $X^. 

<49> £ 6 o. , ^-^(214)^ ^ 71313 <gp>*H =-4f afl^(214a)^r ^tr^r. # 

7] S\-n 7)7$m #^>^^^-(204)ol nfl^l ^Ul^ ^o} afe^ *H , # 

7) ^ 7) Tim <gn} ^-^ofl <2l*H ^^}-^<g^-(204) 3^0^*1^(212) ^ #^(214) 

°1 

<50> ojo^, £o|H a^^v w> <4 g c \ #j^op=(TiCl 4 ; titanium chloride) -§-°4 

Stt #Se1-o]c(R u ci3; ruthenium chloride) -g-^* ^}-§-*H ^sfl ^7l£^-(216)^- 

^Htrtf. ^, ^tfl^- #5-5f°l^(RuCl 3 ) -g-<aH ^el(Cu) ^«fl^ ^ZL7]i4, e)^ #5. 
5r°l = (TiCl 4 ) ^ ^-^-^(hypo-phosphorous acid)(H 3 P0 2 ) o l if-^ -§-^1 ^(Cu) 
wfl^(214a)* ^-7M ^M(Cu) ^tifl^(214a) i8L<?H ^m(Ru) ^ Hlfe ^^(Ti) #4? 
-8: 
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<51> £ 7^. ^-S^, <#7] Jf^tsfl *i7}5L^) 9]^ El^(Ti) 21^ ^E^(Ru) 

(218) o] tm^SLsL =4^, dfl^cfl ^el(Cu) a^^l^> -id^3°-S f^j-^t}. o}9\. Qo] ^ 
71313 ^ ^p-^(Cu) S^^l^> E)E)%(Ti) 2E^ ^Efl^-(Ru)^; ^j^^S **M53 

#7>H^# ^ «fl,*]<s] ^15)^^: %MMm ^ 5M. ^(Cu) B)EHf(Ti) 

^lirCRu) ^-.2.3. ja^ofl E}E^(Ti)/^-BKCu) 3L$= ^-Efl^-(Ru)/^e)(Cu) #°1 

<52> o1^a^ ( E^E}^-(Ti) IEtt -f-^CRu) ^-^(218)-ir #^^-(214a) ^Hl tm^SLS. ^ 

*1 -f , *3dt(N2), ^(H 2 ) 5£tt o>JL^(Ar) 7>i £-^7HH 200- 400 °C ^£ofl^ 
1~3*1?> ^Ifcf, 

<53> £ 8-g- tS§}^ , El^(Ti) ^Itj-(Ru) ^4*o] #*»x\SLS. ?§^Q #o|) 

^^§^-(220)# ^^(220)^ ^s]^ ^3^(Si 3 N 4 ) 31 ^s]^ n«V 6 lS.^-(SiC) 

<54> ^-#?1 ^12 ^Hl^ ^-f = cf c >Al 3fl^# 3^*Hr « C V^ ^ofl^ <g ofl^ s.^ ^ 

^i-b-(Ru) ^*Rr t\.<#& ^-g-oi 7>^^ l-^-Cjcf. 

€ ^3 ^afl^ S^^]^ E^Bf^-(Ti) S^r ^Mw(Rll) ^-fr ^f-iLS*| ^-E) 
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1] 

>S-7l ^tifl^ S.<8=£1 zfl^l tg^€ ^o2)- # ^H) 4^ ^U-^l^ ^*Kr 

#31; 

A oM ^£ HjE}^- iE^r ^Efl^" tflsH ^'d^-i: >^l*Rr ^-71)1- ^ 

[3^* 2] 

[3^* 3] 

91°]*) , ^7) ^ #3]tt e]h}^- #5.eH-B(TiCl 4 ) - *MS- 

tl^Chypo-phosphorous acid)(H 3 P0 2 )°l 3.^$. -§-<^H #7l ^-e} ^-^Hfl^^ #7}*] ^a]s>^ 
3J£ -iH3*Rr ^5^1 ^7fo] ^tifl^ ^ ^ tij-tf . 
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. / 

4] 

^11%H1 9X°]*\, A oM <H^-^ ^i(N2), ^(H 2 ) o>5^( Ar ) ^H^HH 

200~400°C^ l~3^m 4J*l*Hr 3* *Hr ^£^1 dt*}3 #^«fl*} 

[3t^ 5] 
6] 

Sli 0 !^, #71 ^^(Si3N 4 ) SE^b ^el€- 7>wHS-^(SiC)«.S 
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[5L 5] 
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IS 7] 
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